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SUMMARY

This paper describes the computer-based modeling,
simulation, and analysis of the M35A2 2-1/2-ton truck towing the
M105A2 1-1/2-ton trailer. The simulations were performed by the
Analytical and Physical Simulation Branch (AMSTA-RYA) of the U.S.
Army Tank-Automotive Command, System Simulation and Technology
Division.

A rollover accident occurred involving the M35A2/MI05A2
combination. An inspection of the accident scene concluded that
the towing eye, or lunette, on the M105A2 trailer was installed
upside down and that the accident was the result of this improper
installation. The purpose of the computer simulations was to
investigate what effect the towing eye position of the M105A2
trailer has on the stability of the M35A2/MI05A2 combination.

Dynamic Analysis and Design System (DADS.) software was used
to develop the computer-based dynamic models of the M35A2 truck
and M105A2 trailer. Computer simulations of the truck and trailer
combination were run with the towing eye of M105A2 in both the
correct and the upside down positions. The simulations consisted
of a slalom maneuver by the combination at several vehicle speeds
and a variety of trailer payload configurations.

The results of the simulations indicate that the towing eye
position of the M105A2 trailer has virtually no effect on the
stability of the M35A2 truck. The roll stability of the M105A2
trailer itself is degraded slightly when the towing eye is in the
upside down position.

INTRODUCTION/OBJECTIVE

The System Simulation and Technology Division (AMSTA-RY) of
the U.S. Army Tank-Automotive Command (TACOM) was asked to
perform a computer-based simulation and analysis of the effect of
towing eye position on the stability of the M35A2 2-1/2-ton truck
when towing the M105A2 1-1/2-ton cargo trailer. The request for
the simulation came from the Trailer Branch (AMSTA-UEC) of the
Systems Engineering Directorate, Tactical Vehicle Division. The
request was in response to an accident report (Case No.
901221011) involving a rollover of the M35A2 2-1/2-ton truck
while towing the M105A2. Upon technical inspection at the
accident scene, it was noticed that the towing eye of the M105A2
was installed incorrectly in an upside down position (i.e.
rotated 180 degrees about the longitudinal axis).
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Computer simulation was agreed upon as an acceptable method
of analyzing the influence of the towing eye position on the
stability of the M35A2/M105A2 combination. Due to the
circumstances of the accident, which involved a sudden swerving
of the M35A2, the simulations consisted of a series of slalom
maneuvers at varying vehicle speeds. The vehicle speeds were
increased until a roll over of the truck or the trailer occurred.
The M35A2 was first simulated performing the slalom maneuver
without towing the M105A2 to determine a baseline for the truck's
performance. The M35A2 was then simulated towing the trailer with
the towing eye installed in both the correct and upside down
positions. Because of a lack of information about the payload
configuration in the M105A2 at the time of the accident, an
assortment of payload weights and weight distributions were
simulated as shown in table 1.

LUNETTE IN CORRECT POSITION LUNETTE UPSIDE DOWN
A. Unloaded Trailer A. Unloaded Trailer
B. 1/2 Load (1500 lbs) B. 1/2 Load (1500 lbs)

l.Evenly distributed l.Evenly Distributed
2.Centered in Front Half 2.Centered in Front Half

3.Centered in Rear Half 3.Centered in Rear Half
4.Centered on Left Side 4.Centered on Left Side

C. Full Load (3000 lba) C. Full Load (3000 lbs)
l.Evenly distributed l.Evenly Distributed

2.Centered in Front Half 2.Centered in Front Half
3.Centered in Rear Half 3.Centered in Rear Half
4.Centered on Left Side 4.Centered on Left Side

Table 1. Trailer payload configurations.

PROCEDURE

Dynamic models of the M35A2 and M105A2 were developed using
DADS software. DADS software is a set of general-purpose computer
programs that are used to model and predict the motion of a
variety of real-world mechanical systems. The System Simulation
and Technology Division uses DADS primarily for the modeling of
military vehicles, either in the design phase, or for the
analysis of existing vehicle systems.

The dynamic models of the M35A2 2-1/2-ton truck and M105A2
1-1/2-ton cargo trailer are shown schematically in figures 1 and
2, respectively. The models consist of a series of rigid bodies
(chassis, axles, wheels, payload, etc.) linked together by
assorted joints, distance constraints, and translational spring-
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damper-actuators. The vertical,
longitudinal, and lateral Ch" Drag Links

stiffness properties of the tires - PW PaArrn LeastSprings

are incorporated into the vehicle /7
models along with the performance -0 ..... 4
characteristics of the vehicle FRONT AXLE.......

springs and shock absorbers. The Panard Bar
mass and inertial properties of
each rigid body are also included Connecting Link Torque Rodin the model.V2

The dynamic parameter Torque Rods Leaf Springs

characteristics such as spring
stiffness, tire stiffness, mass I " A----- -
and inertia properties, I I I
suspension roll center and roll Leaf Panard Bar

stiffness, that are included in Springs

the models are normally
determined empirically in a RA "L .....
laboratory setting. The Physical
Simulation laboratory at TACOM
does not have the capability of
performing these types of tests
on large.vehicles such as the Fisare C. M35A2 Rigid Body
M35A2. Consequently, large Distance Constraints.
vehicles are normally sent to
private institutions to have
their dynamic characteristics
determined. For the purposes of
this analysis, however, the
expense of having the M35A2
characterized was deemed
imprudent. One reason for this
decision was that the primary Twua

focus of this analysis was on the
stability of the M105A2 trailer
and the effects of towing eye
position on that stability.
Another reason for the decision
was that the data collected would . . .
be of little future use due to
impending replacement of the
M35A2 truck by the FMTV program.
Therefore, the characteristic PM.•
data that was not available for
the M35A2 was determined through
proven theoretical calculations.
All characteristic data needed
for the dynamic model of the
M105A2 trailer were determined by
TACOM personnel in the Physical Figure 2. M105A2 Rigid Body
Simulation laboratory. Distance Constraints.



The M35A2/MI05A2
combination was simulated
negotiating a slalom course (draw. not to scle)
which consisted of the
combination starting in the lift
right hand lane, making an 11- I
foot lateral transition into
the left lane within a 90-foot "
longitudinal transition, and
returning to the right lane
immediately within another 90-
foot transition (see fig. 3).
The truck and truck/trailer
combinations were simulated at
speeds of 30, 35, and 40 mph.

Figure 3. Slalom Course Maneuver.
In preliminary

simulations, the M35A2 was able to successfully accomplish this
maneuver at speeds up to 40 mph when not towing the M105A2. The
truck and trailer roll angle, yaw angle, and roll rate were
recorded and plotted for each simulation performed. In all, 57
simulations were performed with a total of 333 dynamic time
history responses plotted.

RESULTS/DISCUSSION

In all of the computer simulations , the M35A2 truck never
approached a rollover situation. The M105A2 trailer rolled over
only when the slalom manuever was attempted at 40 mph. Table 2
summarizes the reaction of the Ml05A2 during the slalom manuever
simulation at 40 mph.

The time history responses of roll angle, yaw angle, and
roll rate were recorded for both the M35A2 and M105A2. Tables 3-
11 present a comparison of the peak values of the dynamic
parameters analyzed for each simulation. Appendices A-I show the
entire time history responses of the dynamic parameters. The
following section of the report will highlight the time history
responses of each parameter analyzed.
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Correct Lunette Upside Down Lunette
Position Position

0 lbs Payload Stable Stable
1500 lbs Payload
Even Distribution Stable Stable
Front Half Distribution Stable Stable
FRear Half Distribution Unstable Unstable

Left Center Roll Over Roll Over
Distribution
3000 lbs Payload _

Even Distribution Roll Over Roll Over
Front Half Distribution Unstable Unstable
Rear Half Distribution Roll Over Roll Over
Left Center Roll Over Roll Over
Distribution

Table 2. M105A2 Trailer Simulation Results (40 mph).

M35A2 Roll Angle

The time history plots of the M35A2 truck roll angle (plots
1-3; appendices A-I) clearly show no significant change in the
performance of the truck when towing the M105A2 with the lunette
in either the correct or the upside down position. This result
was true regardless of the trailer payload or payload
distribution.
The roll angle of the M35A2 when towing the M105A2 (lunette in
either position) was degraded slightly compared to the
performance of the M35A2 when not towing the trailer. This result
was most evident at the speed of 40 mph. At the trailer payload
of 1500 lbs, the roll stability of the M35A2 was degraded
primarily when the payload was centered in the rear half of the
trailer or centered on the left side. The differences in roll
angle for these conditions were only a few degrees. The roll
angle of the M35A2 while towing the M105A2 (lunette in either
position) with the full 3000 lb payload again was most affected
at the 40 mph speed with the payload in the rear half of the
trailer or centered on the left side. The maximum roll angle
reached by the M35A2 was close to 25 degrees. This occurred with
the M105A2 lunette installed in the correct position and the
payload centered in the rear of the trailer. Although 25 degrees
is a severe roll angle for a truck the size of the M35A2, it is
only about half the angle required for the truck to roll over.

M35A2 Yaw Angle

The yaw angle of the M35A2 truck (plots 4-6; appendices A-I)
was not affected by the lunette position of the M105A2 trailer in
most of the simulations performed. The only simulations where a
significant difference resulted between the yaw angle of the
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M35A2, with and without towing the trailer, was when the trailer
had the full 3000 lb payload distributed in the rear and left
center of the trailer (see plot 6; appendices H and I). The
differences in yaw angle that occurred during these simulations
can be descredited because they happened after the M105A2 trailer
rolled over. The roll over of the trailer caused a jackknife
situation which in turn caused the excessive yaw angle of the
M35A2. A quirk of the DADS software is that when a rigid body,
using the DADS tire model, overturns, the tires on the vehicle
attempt to follow the road profile although the vehicle is upside
down. This results in a chaotic situation where the simulation
results after the rollover are meaningless. This does not cause
a problem with the analysis since the results leading up to and
during the rollover event are valid.

M35A2 Roll Rate

Like the yaw angle, the resulting roll rates of the M35A2
truck (plots 7-9; appendices A-I) during the simulations did not
vary between the M35A2 itself and the M35A2 towing the M105A2
trailer with either lunette position. The only differences that
result in the time history plots of this parameter occur after a
roll over of the trailer (see plot 9; appendices E,F,H, and I).
As mentioned in the previous paragraph, these results are
insignificant.

M105A2 Roll Angle

The roll angle of the M105A2 trailer (plot 10-12; appendices
A-I) with the lunette in the correct postition was consistently
smaller than the roll angle of the M105A2 with the lunette
installed upside down. This was true for all of the simulations
performed. The differences, however, were negligible. The maximum
difference is approximately 0.66 degrees.

Ml05A2 Yaw Angle

There were no significant differences in the yaw angle of
the M105A2 trailer (plots 13-15; appendices A-I) regardless of
lunette position, payload, payload distribution, or vehicle
speed.

MI05A2 Roll Rate

There were no'significant differences in the roll rate of
the M105A2 (plot 16-18; appendices A-I) trailer regardless of
lunette position, payload, payload distribution, or vehicle
speed.
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0000 LBS PAYLOAD K35A2 TRUCK Mi05A2 TRAILER
ROLL YAW ROLL ROLL YAW ROLL
ANGLE ANGLE RATE ANGLE ANGLE RATE

30 MPH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.49 10.60 7.90 0.59 10.63 3.96
TRUCK W/M105A2 HIGH
POSITION 1.49 10.60 7.90 0.74 10.61 3.96
35 MPH_
TRUCK ONLY 1.81 11.10 9.05

TRUCK W/M105A2 LOW
POSITON 1.82 11.15 9.26 0.76 11.24 3.79
TRUCK W/M105A2 HIGH
POSITION 1.82 11.15 9.26 1.07 11.23 3.79

40 MPH_
TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 6.39 13.00 41.26 1.27 15.43 10.76
TRUCK W/M105A2 HIGH
POSITION 6.39 13.00 41.26 1.70 15.39 10.76

Table 3. Peak values, no load. Units are degrees and degrees/sec.

1500 LBS PAYLOAD M35A2 TRUCK M105A2 TRAILER
EVEN ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE
30 MPH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.49 10.61 7.77 1.61 10.81 5.62
TRUCK W/M105A2 HIGH
POSITION 1.49 10.61 7.77 1.87 10.77 5.62
35 MPH
TRUCK ONLY 1.81 11.10 9.05
TRUCK W/M105A2 LOW
POSITON 1.84 11.17 9.36 2.23 11.80 7.37
TRUCK W/M105A2 HIGH
POSITION 1.84 11.17 9.36 2.63 11.73 7.37
40 MPH
TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 6.22 13.05 41.41 3.88 17.72 28.5
TRUCK W/M105A2 HIGH
POSITION 6.22 13.05 41.41 4.54 17.58 28.5

Table 4. Peak values, half load, even distribution. Units are
degrees and degrees/sec.
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1500 LBS PAYLOAD 135A2 TRUCK M1.05"2 TRAILER

FRONT HALF ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE

30 MPH

TRUCK ONLY 1.48 10.60 8.31

TRUCK W/M105A2 LOW
POSITON 1.51 10.63 7.62 1.43 10.79 4.85

TRUCK W/M105A2 HIGH
POSITION 1.51 10.63 7.62 1.65 10.75 4.85

35 MPH

TRUCK ONLY 1.81 11.10 9.05

TRUCK W/M105A2 LOW
POSITON 1.87 11.19 9.58 1.97 11.55 6.51

TRUCK W/M105A2 HIGH
POSITION 1.87 11.19 9.58 2.35 11.51 6.51

40 MPH
TRUCK ONLY 6.34 12.91 40.79_
TRUCK W/M105A2 LOW
POSITON 6.03 13.20 40.92 3.84 18.39 35.10

TRUCK W/M105A2 HIGH
POSITION 6.03 13.20 40.93 4.04 18.29 35.10

Table 5. Peak values, half load, front half. Units are degrees
and degrees/sec.

1500 LBS PAnyLOA 135A2 TRUCK M105A2 TRAILER
REAR HALF ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE 1ANGLE RATE

30 MPH

TRUCK ONLY 1.48 10.60 8.31

TRUCK W/M105A2 LOW
POSITON 1.49 10.59 7.78 1.84 10.86 7.21

TRUCK W/M105A2 HIGH
POSITION 1.49 10.59. 7.78 2.14 10.80 7.21
35 MPH

TRUCK ONLY 1.81 11.10 9.05

TRUCK W/M105A2 LOW
POSITON 1.81 11.16 9.67 2.57 12.33 8.91

TRUCK W/M105A2 HIGH
POSITION 1.8.1 11.16 9.67 3.01 12.241 8.91
40 MPH

TRUCK ONLY 6.34 12.91 40.79

TRUCK W/M105A2 LOW
POSITON 6.33 12.94 42.94 19.86 16.98 99.53

TRUCK W/M105A2 HIGH
POSITION 6.33 12.94 42.94 20.02 16.78 99.62

Table 6. Peak values, half load, rear half. Units are degrees and
degrees/sec.
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1500 LBS PAYLOAD K35A2 TRUCK 1105A2 TRAILER
LEFT CENTER ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE
30 MH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.50 10.61 7.74 3.48 11.16 5.58
TRUCK W/M105A2 HIGH
POSITION 1.50 10.61 7.74 3.48 11.05 5.58
35 MPH
TRUCK ONLY 1.81 11.10 9.05
TRUCK W/M105A2 LOW
POSITON 1.85 11.17 9.38 4.37 12.61 12.65
TRUCK W/M105A2 HIGH
POSITION 1.85 11.17 9.38 4.86 12.44 12.64
40 HPH
TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 6.24 13.06 42.92 XXX XXX XXX
TRUCK W/M105A2 HIGH

POSITION 6.24 13.06 42.92 XXX XXX XXX

Table 7. Peak values, half load, left center. Units are degrees
and degrees/sec. (XXX = Trailer Rollover)

3000 LBS PAYLOAD X35A2 TRUCK M105A2 TRAILER
EVEN ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE
30 IGH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.50 10.61 7.74 2.66 10.95 7.44
TRUCK W/MI05A2 HIGH
POSITION 1.50 10.61 7.74 2.98 10.88 7.44
35 MPH
TRUCK ONLY 1.81 11.10 9.05
TRUCK W/M105A2 LOW
POSITON 1.84 11.17 9.34 3.75 12.68 10.78
TRUCK W/M105A2 HIGH _
POSITION 1.84 11.17 9.34 4.21 12.56 10.78
40 MPH
TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 6.12 13.07 40.60 XXX XXX XXX
TRUCK W/M105A2 HIGH
POSITION 6.12 13.07 40.60 XXX XXX XXX

Table 8. Peak values, half load, even distribution. Units are
degrees and degrees/sec. (XXX = Trailer Rollover)
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3000 LBS PAYLO&D X35A2 TRUCK M105A2 TRAILER
FRONT HALF ROLL YAW ROLL ROLL YAW IROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE
30 MPH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.52 10.65 7.53 2.31 10.92 6.86
TRUCK W/M105A2 HIGH
POSITION 1.52 10.65 7.53 2.60 10.85 6.8635 MPH

TRUCK ONLY 1.81 11.10 9.05
TRUCK W/M105A2 LOW
POSITON 1.90 11.24 9.59 3.22 12.11 9.21
TRUCK W/M105A2 HIGH
POSITION 1.90 11.24 9.59 3.64 12.01 9.21
40 14PR
TRUCK ONLY 6.34 12.91 40.79_
TRUCK W/M105A2 LOW
POSITON 5.92 13.45 40.97 60.60 20.20 118.33
TRUCK W/M105A2 HIGH
POSITION 5.92 13.45 40.97 60.94 19.60 120.05

Table 9. Peak values, full load, front half. Units are degrees
and degrees/sec. (XXX = Trailer Rollover)

3000 LBS PAYLOAD K35A2 TRUCK M105A2 TRkXLER
REAR HALF ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE JANGLE RATE ANGLE ANGLE RATE
30 MPH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.48 10.58 7.71 3.10 10.97 9.53
TRUCK W/M105A2 HIGH
POSITION 1.48, 10.581 7.71 3.44 10.89 9.53
35 MPH
TRUCK ONLY 1.81 11.10 9.05 .......
TRUCK W/M105A2 LOW I..
POSITON 1.82 11.18 9.90 4.41 13.74 13.41
TRUCK W/M105A2 HIGH
POSITION 1.82 11.18 9.90 4.91 13.59 13.41
40 MPH

TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 24.68 45.03 66.96 XXX XXX XXX
TRUCK W/M105A2 HIGH
POSITION 12.58 39.66 69.55 XXX XXX XXX

Table 10. Peak values, full load, rear half. Units are degrees
and degrees/sec. (XXX = Trailer Rollover)
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3000 LBS PAYLOAD M35A2 TRUCK X105A2 TRAILER
LEFT CENTER ROLL YAW ROLL ROLL YAW ROLL
DISTRIBUTION ANGLE ANGLE RATE ANGLE ANGLE RATE
30 MPH
TRUCK ONLY 1.48 10.60 8.31
TRUCK W/M105A2 LOW
POSITON 1.50 10.61 7.68 6.26 11.61 7.92
TRUCK W/MI05A2 HIGH
POSITION 1.50 10.61 7.68 6.29 11.40 7.92
35 MPH
TRUCK ONLY 1.81 11.10 9.05
TRUCK W/M105A2 LOW
POSITON 1.95 11.17 9.34 16.68 14.98 73.16
TRUCK W/M105A2 HIGH
POSITION 1.95 11.18 9.34 17.22 14.62 73.16
40 MPH
TRUCK ONLY 6.34 12.91 40.79
TRUCK W/M105A2 LOW
POSITON 10.12 13.22 67.05 XXX XXX XXX
TRUCK W/MI05A.2 HIGH
POSITION 9.86 13.21 84.25 XXX XXX XXX

Table 11. Peak values, full load, left center. Units are degrees
and degrees/sec. (XXX = Trailer Rollover)

CONCLUSIONS/RECOMMENDATIONS

The computer simulations indicate that the position of the
towing eye on M105A2 trailer, when installed either properly, or
in the upside down position, has little effect on the stability
of the M35A2 2-1/2-ton truck. Based on these results, it can be
concluded that the incorrect towing eye position of the M105A2
trailer was not the cause of the rollover accident (Case No.
901221011) mentioned in the introduction of this report.

Installation of the towing eye in the upside down position
does slightly degrade the stability of the M105A2 trailer itself.
When the lunette is installed in the upside down position, the
center of gravity of the trailer is raised approximately 0.32
inches and the subsequent trailer pitch angle is approximately
2.08 degrees. The combination of these two factors accounts for
the small reduction in roll stability of the trailer compared to
when the trailer lunette is installed correctly. In real-life
situations, the increased pitch angle of the trailer can increase
the likelihood of having the trailer payload shift to the rear of
the trailer. The simulation results show that when the payload is
centered in the rear of the trailer, the trailer stability
decreases.
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Based upon the computer simulations, it is recommended that
as an extra safety precaution, the lunette on the M105A2 trailer
should always be installed in the proper position. However, it
should be noted that improper installation of the lunette would
not greatly affect the trailer performance and certainly would
not greatly affect the stability of the M35A2 truck.
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APPENDIX A
TIME HISTORY PLOTS

0 LBS. PAYLOAD

A1

THIS DOCUMENT CONTAINED
BLANK PAGES THAT HAVE

BEEN DELETED



S

A-2



M3S-72 P-oll Ariqgle; 30 MPIH; M105A-2 Patylo~ad 0 Ilbs

-1-- -- _______ 
V __ 

_____

-2-- -- -

0 2 4 8

w/ota~J.er(eres)vstm ( seRc:
---- W/ tr=al:-er in lc), posiA.tion (de-graees) vs -time- (sec)

. w/ tra~iler- in. high posiLtiocn (de~gres)x ae(e

M35Ak2 RollX AigXle; 35 MPH; M105Am2 Paylo~ad 0 lb~s
2-

--- - iw/ --t t:X -= --n -.-.---- . ---.- - ---.-.-.-

w/ traler--- in. high posi:tion.m (detgrwees) vsrg -tiLme (

2

M35Aý2 3Roll- Angle; 40 MPH; M105A2 Paylo~adc 0 lb~s
4----- - .--

-2---

-4-__

-6---

0 2 468

________ /otraler(degrSeBes ) -,rs ix ( se
/trieran. Icowh'po:sitio:cn. (deagrees--) vs timept- (tec-)

-- w/trilXer in. high posi:tioc:n.(ers)s tiame (eecý)

A-3



M35A.2 Waxw Angle-; 30 MPH; M105AIN2 Pa~ylo~ad 0 Ilbs

10-

5-

0--_ _ _ - -

-5-

0 2468

_____w'/o trax:iler. (tdeg~reesa) so tiIme (seeý
w'/ -traL:iler in locw' pcosiltion (de-grees) 1-0 Itim-a (see)
w/ ýtriler-2 in high posi'Ltio-n (dgesxrs -timne e)

4

M35AP2 Yatw Angloe; 35 MPH; M105A2 Pa~ylcoadc 0 lbs
3.5-- -_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___ _

10-_ _

-10- _ _ _ _ _ _ ~. _ _**--- --.

-15 - - - r ----------

0 2 468

W'/o ýtrale.-8r ( erel stinwe (0see:
'w/tra-ler-A9 in lo'pst-ion(ere vmin se

- /tra~il-er in hig pos:itio (degree~s) -stime(se

5

M35Ak2 Yatw A4nglee; 40 MPH; M1OSAm2 Patylocadc 0 lb1s
20--__

-10-.

0 2 468

w/traxiler in loc~x porn ation (degree~fts) ste(s)
-- w/ tral3erý in high po~si-tion~ .(degr-ees) V'%s tm s

A-4



M35A.2 Roll3 Rat-te; 30 MPH; M105A2 Pa~yload 0 lbIs
10- ____

£ ~~~0- _____

0 2 468

W/o rale (de-g/s~ecý) Vsti-me (qeec)
w.~/ tzalrin loc'w position.Lq ( detg/qsec:) ste(Se
w/ -t~rmaier iLn hiLgh positioa-cn (detg/s~ec) N's ti-m-e (sec<)

M35A2 Ro~ll Rt;35 MPH; M105A2 Paylo~ad 0 lb~s

10-2

5--- -1w - ____-- L-- -- __ -

20---- -

0 2 4 68

w~/co -tra:ler-3: (&tdeg/ste-c ) %75 time ( se
w/ -trai:ler ini lc-7 posit-ýxcio (dgec s Itime (5c-c)
w/ trilr n hiLgh positionýc (deag/fsec) V'rs ti:me (ac



MI05Aý2 Ro:Ll Angle-; 30 MPýH; MI05A2 Paylo~ad 0 lb~s

0.5--

0.0- ------- ____

0 2

tr=a:l~er iLn hiLgh po~si-tion (detgr4ees) vse tiame- (sec)

10

M1OSA2 Ro~ll Angl~e; 35 MPH; M105A2 Paylo-ad =0 lbso
3-0-

11

0 2 468

______ tal:jer iLn lcow' positio:Ln (dle~greems) %rs Itiame (93--)

trxailer= in hiLgh po~s:itio>n (d~egr4ees ) vs tirrLeý (Sec)

11

M1OSA2~ 6olAg~ 0MH 10A ala b



M105Aý2 Ymw Angl~e; 30 MPlH; M1OSA2 Pa~ylc~ad = 0 lbs)

10-

5-.

-15-

0 2 4 68

-tr=aLil1er u-i lc~w po:siLtlc~n (dbegraee) xvs ti-me (M5Cc)
trilrn. hiLgh posa:Lta:on. (d4egr-e~es) vsr timern (isec:

13

MI05A2 Ya~w Angjle; 35 MPH; M105.A2 Pa~ylo=ad = 0 lb~s

5-

0-

-10-

02 4 68

_____trailerý- :Ln lcow posi~tionm (dges st:ne (se
tr=ail3ert iLn hiLgh po~si-tion (dgre )v tuneMf (secý=

14

MIOSA.2 Ya~w Angcle-; 40 MPH;* MIO5A.2 Patyloadl 0 lbso

20-

10- _ _ _ _ ___-

0--- ____

-20-- -r- __

0 2 468

_____tail~ert iLn locw posilti!on. (degjrees m-) vsr timerý (atcc)
tr=ail3er i-n hiLgh po~siLtion (degrS~etes xvs ti:Lte(5c

15
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M105A2 Rol]l Racte4; 30 MPH; M1OSA2 PMaYloCad 0 lbs
4- --- - - -----

2 -1

-2-- - ______

0 2468

-- tr=ailerw in o10" posiltiocn (dg/ec s ti:me (s~ec=)

M1OSA2 Roll-1 Rat~e; 35 MPH; M105A2 Paylo~ad 0 lbs
4-

2- _ _ _ __ _ _ _ _ _

0_- -- - .. __

-2-

-4--___ __-

0 2 468

tr-.aler~-- in la-w oito (atdeg/inec) xvs timept- ( sec
tr=ai:ler- i-n h~igh posi-,LtioLn (degc/miknec) vs ItiLme (oft=)

I?

M105A-2 Rkoll Rta~t; 40 MPH; M105A-2 PftyloadL 0 lb=s

1 0-- 2 _ _ _ _ - 4 _ - _ _ - _

5 .x - .--- 3- - -n X--- --.--- ____c

t-a:L LrAl:Lj p-:- ~ cr icLag sf4 t-:L--

-5--.-- 8_



APPENDIX B
TIME HISTORY PLOTS

1500 LBS. PAYLOAD; EVEN DISTRIBUTION

B-i1



&

B-2



M35Ak2 JRoll Axigle; 30 MPH; MI05A,2 Patylo~ad 1500 i.b:s,evedit

1-2

------ tr.,ai:ler iLrx low Noe ltoi(ere stiýMme (secý
-- W/ tr=a-le:r i.n higch posi~jtio (d~egrees) v i sc

rM3 5A2 Ro~ll Axxgle; 35 MPH; MIOSA.2 Paeyloadt 1500 l-bso aleenditý

2-2

12----_ __ _

0-

0 2 4i6s

W/o> tr2akiler (atdegr4-ees) vrs tPime- (Osec
-W/ Tr 'aler3: iLn low positionýq (deree ) s tme (gSec=

W/I traile r inm high pcositionc (d~egrees) %stie(rc

2

M35A2~~~~ Rol3ge 0MH 1S2Pyod=10 bee it



M3SPL2 Yaw Angle-,; 30 MPH; MI105A2 Paycloadc 1500 1-bs, eve-nar di:st-.
is- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10-_______ _ _

5-

0 2 4 6

_____w/co tzrailler (de-greeis ) %vs ti:me3(se
w/ -traiLer~ inh -16. jpositicn (dgre )vs ti:me- ( sec--

- w/ trcLiler= in high po~sitiocn (degrees m) vs ta-:me (mecr-

.. 4

M35Aý2 Yaw Panglea; 35 MPH; MIOSA.2 Paylo~ad 1500 lbs, eten di:st.

155

10-

0-

-10-

0 2 4 68

__w'/o> traiLerft (detgrees) -%rtie (sec-)
'w/ rale.,or inr- lc-w' poiin(ere)VStime (e
w/trieri hilgh posiLtiocn (detgremes) vsr t-ime (cc

6

20B-4



M35A.2 Rol:LX Ratet; 30 MPIH; M1OSA.2 Peay:lo~ad 1500 Xkbs, erridi.ot.
10--

5- ,

-10- ___ __

0 2 4 68

_________~~-v -wotalr(e/e StiLme (see=
:Itaie Ln lo~w pcosi~tio~n.(deg-/qae) Nvs timneB (see)

w/ tr:ailer- i-n higSh pcosi~tion (deg/oaec) Ns tiLme (seec)
7

M3 SA2 RollX Ratea; 35 MPH; M105A2 Pa~ylo~ad = 500 Xlbs. eve odit.
10-

5-

-10 - -- ~--- --

0 2 4 68

___* /ot~raiLez (e/sc)v tm (seea)
/tr=ailerý In -low posi:tion>r (degc/sec.) 'vs ti:me (see=)

-- w/ ýtraleJ-r iLn higch posi:tionm (d~eg/sec) -%rs ti:me- (se-c)

M35A2 Roll3 Ratet; 40 MPH; M105A2 Pa~ylomad 1500 lbs, evern di:st-.

40-

20-- - _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 2 4 6 8

W/ tr~a~iler in low po~sntioL<n (degc/see =) -.r ti:me (sec--
W/ trale i higjh po-sito (dgse s tm se

9

B- 5



M105A.2 Roll1 Aiigl~e; 30 MPH; M IO5P.2 Pa~ylocad = 1500 1bs~ 4even dlist.-

-1-- Xe~ in_____!ý:c~ ao =,es rm 1-m (~o!

-2-

02 4 68

_____trailer~ in. lopw' oii (d~egrees ) vsoun (asecý
.... trailer= in. high po~siLtion (dgea stixne (vstec)

M105A2 -Rcol1 Amngl-e; 35 MPH;- 14105A.2 ~a~yl.cad = 1500 i.bs, evren. disg3t.

3-4

0 2 468

----ttraler-~b in. higrh posiltin. (deg~roees) vsa Iti..rne sec,

i2

M1OSA2~~~ Ro6A~l;4 P;M0A ala 50ls vn it



M105-FI2 Ya~w An~gl-ý; 30 MPH; M105A2 Pa~ylo~ad 1500 -11bs, 4e,,7Le- dlist.

15- ----- _ _ _ _ _ _ _ _ _ _

-10-

15-

0 2 4 68

-- -tailerin lo~w po~s!-t;!qn (dgee .ro -ta-x (Se
---- tr3:aL:iler irn high po~sitiocn (deBgreesft) %s tijme- (5cc-4)

13

M105AL2 Yatw Arkgl3et; .35 MPH; M105A.2 Pa~ylo~ad = 1500 Ilbs, deven dilot-.

10--

5-

0-

-5-- - _ _ _ _ _

0 2 4 6a

-tr=alerft in -low po>SItiýcn (demgr4ees) vs 93timw.e (atec:)
tr---12ailer- in high po~slit-1o (degretes) %rs t~irle ( sec

14

M1OSA.2 Ya~w Ai-iglea; 40 MPH; M1OSAý2 Pýa~yload = 1500 lbks, evenm disat.
20- ___

-20 A--I -- ~--T-----~1~
0 2 468

_____talrin lo~w posi:tioLcn (dlegrjaees )r vs time (ateC)
.... tr-ail.er in high poiin(degreeýs )r -stiLme (sec=

15

B-7



MIO05A2 Rotcll Rkatoe; 30 MPýH; M105A&2 Paylcoad 1500 3-1:s, e9-.J'endit

-2.5-~

0 2 4 68

-___tr7aillc-er in 2..ow posiltio (egse VSr ttune(e
--- trailert in high po~s:ition (dg/ec s tune (sac

M105A2 Rtc,11 Ratet; 35 MPH; M105A2 Patyloadc 1500 lbso, eve ldit.
10-

0 2 468

trailer in high pcosition(dg/ec IS -tim~e (se ac)

17

M1OSA2 Ro~ll Ratoe; 40 MPH; M105A2 ~a~yloadl 1500 lbsm, tev.en disot.

-40-T

0 2 4 8

tralerin lo~w posiltilon (dgse)vs ti:me(sc
ttraLiler- in- high po~siLtioLn (deg/~ec-) Nvs ti:me (ec

1 -8



APPENDIX C
TIME HISTORY PLOTS

1500 LBS. PAYLOAD; FRONT HALF DISTRIBUTION

c - i



1

C- 2



M3 5A2 Rol)l ArIg:le; 30 MPH; M105.7)2 Pa~ylo~ad 1500 Xibs, fro~nt half
2 --

0-

-2-

0 2 4 68

w/trile (d~egrce-es ) vs ltiLme ( gSeqc-
----- tr=ailert: in Xow positioýcn (dgre s.T -tiLmte (m see
- w trai:ler= inr higch po>si-tion (dgre)..T5 ltj.meý (see=

M35A-2 Roll- Axigle; 35 MPH; M105A.2 PaylIoad = 1500 lbs~, frcontt half
2-

0-

-2-

0 2 4 6

- w/o rale (de~gree~s ) ,s im-gse
*----------ý traiL:ler2: In lo, pcosi-tion~ (degr~ees) %rs ti:me (sec-)

'.w trie-nhg.osto dges re ti:me- (soee)

2

M35Ak2 ollc3- AnglIe; 40 MPH; M4105A.2 Pa~yload = 1500 lbsm, fro>nt half
4-- -. _

2------- -- ___

0-

0 2 468

_________ ~ ~ ~ Nr w/-rie ere stiLme ( sec:
'./ rale i lw ostin(diegr~e~es) %vs ýtimueL (sec=

-- w/ -traLler= in higch po~siItiocn (dlegr34-ees) xvs -ta-me ac
3

C- 3



M3 SX2 Ya~w Ang-e!; 30 MPH; M105Aý2 Pa~yload = 1500 ibs,)o fro*nt- half:

15-

10- -_______

0_ 2 8

w/taie inl low posmi-tion (dgre )v t-ire ( sec=
w/ ýtramiler in higch posit~io~n (diegrees)ta %s ti:met (meec-)

. .4

M3 5A,2 Ya~w Anglte; 35 M:PH; MIOSA.2 Pa~ylo~adc 1500 lb~s. fro-nt ha~lf
15-

10-

5-

0-

0 2 4 6 8

W'/o tr=a:l~er (degr=ees ) -.s ltime (se
w/ t-ra:Liler in 3low'cg3Llrx postio (degrees)omm 9 vs timeý (egc)

=Itail~er in hig poito (deogrees) NP timent (sec
5

M35-A,2 ia~w Angle;a, 40 MPH; M105A.2 Pa~ylo~adc = SOO JIbs,~ fro~nt hal~f

10--w p-------.~ Nct-j ae _______:mt- _____ _

-10- ls in-- h--r p>-L-L~n (l-j~b ; N -ti e - - --c

C 4.



M35A.2 Rol3-l Raate-; 30 MPIH; M105AL2 Pa~yload& 1500 ibs frnt- ha~lf

10-- __

-10-

0 2 4 68

______w/ý t-trail-er ( de~g/sec) -.TB -ti:me se
'TI trailer In low po~sl-tion (dg/oc 'TB tme (m5cc.)
w/tz-ajlert iLn hiLgh posi-"tioLcn (degS/se~c) -%ro -timeý (sgc:)

7

M35A2 Rolýl Rtat-e; 35 MPH; Z41OSA2 Patylocad 1500 llbs, :fron=.lt- half-:
1.0-

5-

0-

0 2 4 68

w/> -trxail3e!r (de-g/seBc:) %S un (sec)
w/ tr=al:3ert- :inr low poiin(deig/secq) -rs ti:mqe (oiecc)
wI ltral:-er iLn hig~h pcosiLti-on (de-g/s~ec) .ro ti-me (cc

M35A2 Rocll ]Ra~týe; 40 MPH; M105A2 Paylor-ad = 1500 Ibsa, fotha~lf
60-1

40 -- ----- ----- -- --- -

20 - - _ - * -- --- - --- - ---

0 2468

'w'/o trailera,= (-Lm- de/sc im (e
W ~/ trilr n hiLgh po~siLtion (c deg/sec 4) 'tBs -tame se

C - 5



M105Ak2 Ptcoll Arkgl~e; 30 M-PH; MIO05Ah2 Payload 1500 ib0s, front- half

-2

0 2 4 68

______t:i..rin low posiýtion (de-grees~) %s ia (seec)
---- r~aLiler iLn higch po=siLtioLcn (degree4qs ) %rgs tilme ( sec!

10

M105A2 Roll- Angl~e; 135 MPH; M4105A2 Pa~yload = 1500 Xlbs, fE.ront- half
2-

-2-

-2-

0 2 4 68

-- ____tr=ailer in lo~w- oiin(ere 'Vs ii:Lrne (gsecw=
tr.iler in hig~h poiin(eges)Vsti-me (ec

MIOSAP2 Rocll Angjle; 40 MPH; M105A2 Petylo~ad = 1500 lbso, fro~nt half

6- --- - -------- -

-2-

0 2 468

tr=aile~r in lo'w- positionc (d~eg.reeks) xs ltime(ec
.... traimler in hig~h pcositioLn (dgre .PVs tixrie ( sec

12

C- 6



M105A.2 Ya~w Axigl1e; 30 M:PH; M1OSA-2 PaZyload =I 1500 ibsm, fro7nt- haIzlf

-10- -_____

-15-- ___

0 2 4 68

------_ tr=aler-t- In lowcj posfi3Ltiocn(dge)vste(e)

13

M15-A,2 Ya~w Anglet-; 35 M4PH; 1M105A2 Patyload =~ 1500 -lbs3, fro~nt- ha~lf

15-

10--- - __ __

5-

0-

-10

-15-

0 2 4 68

tr=aiýlert In 1.0~w paogsitionLp (dlegrjeesa) vsa -tiLme (sec
talrin. high po~sitioLcn (degrýeesm) vs tune (sec

14

Ml10SA2 Ya~w Axxgle; 40 MPH; M105A,2 Patyload = 1500 lbs.>o frontý ha~lf

20---

0 2 4 68

_____-trai:ler, in lo',w po-sitio!n (degr4e~es) vso timea ( secý=
traLl~erý in higch po~sitiodn (dle-grees) -.s ti-:me (ec

15

C-7



MlO5A.2 Roll3- na~te-; 30 MPHM; M105A.2 Playloadx 1500 Ilbs, fro-n-t healf

4-._ _ _ _ _ _ ____

2-

0 24 68

týrai:l~er nl= 3 positionm (degq/sec ) stie(seec
--- traile in hiLgh pcositio(:n (dleg/osec,) Nrs -tiLme (seb-)

16

M105A.2 Rol-1l atle3; 35 MPH; M105Ak2 Pa~ylo~adc 1500 ibsr front ha~lf

7 .5

0.0-A

-5.0-

-7.S 5

0 2 468

traeile.--r Lin lo~w posiLtionc (d~ecg/sbc-) %.re ltime (wet-)
---- =tral3-er iLn higsh po~siLtion (de9g/sec4) %re tixme (e

17

M105A2 Rcoll Ra~-te; 40 MPH; M105AP2 Payloadc 1500 lbs, froCn't ha~lf
20---- - -_ _ __ - _ _

\ 20

-40- -r-------

0 2 4 6 8

txraler~ iLn lovw positioA-<n (c deg/se-c=) %ro ti1me Cse
tr=aloe~r inr hig~h po~sitioLcn (dbeg/osec) -urs ti:me- (s-c:)
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APPENDIX D
TIME HISTORY PLOTS

1500 LBS. PAYLOAD; REAR HALF DISTRIBUTION

D - 1



I

D- 2



M3 5A2 R~oll Anrgl-e; 30 MPlH; M105JAý2 Pa~yload 1500 lb~s, r4ear haftX

0 2 46 8

'w/o -tral:3er3: (de~gr4ees) xvs ti:me (s4ec-
..w/ -trat:iler- In lcow po~sitiLon (degrcees ) vstunme ( sec~-

-- w/ -tr.ailer rin high pcositionm (dlegrcees) ro -ti-me (sace-)

M35AL2 Ro~ll Anl;35 MPýH; M10JAý2 Pa~ylo:ad = 1500 lbos, rear hatlf
2-

068

w/ -tr=aler4 iLn lowr, po~sitioLn (deagrees) -%rs tixme (aeec)
- w/ trýal:Xer iLn high jp<osiLtioLn- (dlegrcees) xrs 'ta-me (sa-c-)

2

M35A.2 RollI Angle4; 40 MP2H; M105A,2 Pa~yload = 1500 lbs., r:ear= haljf

0 2468

w/ trilrinlw po~sitio (derees vs -ti:me v. 4a,
--- w/ to-ra:ler- i-n higch p~osition~r (degre=-es ) %,s -t-:.me (msec:

3

D- 3



M3 5A2 Wa~w Axngle4; 30 MPHi; M105AL2 Pa~ylo~ad = 1500 lb~s, Ze-amr ha~lf

10-

5-

0-

-5

0 2 468

_____w/o rale (desgrebes) Nrs tilnm- ( sec)
w/ 12- il i lw p=ositionc~ (degsreesom) N's "time (ec

-- -/trailer3 In hiLch posiLtion (d~egr4ees) v's ti.mte (s~ec)
. .4

M35AL2 Ya~w Axngle4-; 35 MPH; M105A2 Pa~ylocad = 1500 lbs, re9ar ha~lf
15-

10-

5-

02 46 8

w/oý traiL:l~er (dlegrjees g) %ro -tixn se
wý7 trai:ler 4.-n l-ow pcolV:tin (dgesre ~me(e

-- w/ tr2:a:ler = .n hiLgh po~sitxcon (deigr7etes ) vstie(ae

5

M35-2k2 Ya~w Angleq; 40 MPH; M41OSA2 Pa~yl<>ad = 1500 lbs, 2rea~r ha~lf
20-

1- N

-10-

-20-

0 2 4 68

______w/o rier(dgee ' -tl~m ( sec)
w/ 'traciler= inr loIw positio-n (dgres ev -ti~me- (sec

D-



k435AI2 RocXXlkRatem; 30 I-TPH; MI105A2 Pa~yloadM 1500 3.bs, rea~r half

10-

0--

-10--

0 24 8

- w/ t--ra:ler-. iLn higjh po>-sition>- (dle-g/set.c) -s ýtame- (mec)
7

M 35A,2 Roll- Rat~e; 35 MPH; M105A2 ]Payload = 1500 lbe, reart halfE
10-

0-

-5-

-10-1 11

0 2 468

w traLile it :n hihpoiin dgse) taJme (tec-)

M35A2 Ro~ll Ra~te,; 40 MPH; M1I05A2 Pa~yl-oad 1500 lbes, r-ear ha~lf
60--

40-.--- ~____

20-

0- _ _ _ _ _ _ _ _

-20-

-40--

0 2 468

____w/ rale~(de~fg/sec4) %rs tijme (13:=

-- w/ -traler34m in higch posia-,tioLn (dlegc/sect) %re trawme (Sec:)



Ml 0 52).2 Roll.I ArxgX~q; 30 MP~H; M1O5.J.2 P~a~ylo~ad 1500 ibs~, 3-eaar half-
2-

0-

-2-

0 2 4 68

- traileýr in lo po~sitio:Ln (diegrees)3 'vs ýtime-v (eac
trailer in hiLgh posiJ.tiocn (dlegree-s ) %rs tjmtes (skec

10

M105A2 Ro-ll Anglet; 35 M4PH; M105A2 Pa~ylo~ad = 1500 lbs, reoar ha~lf
4-

2-

0-l

-2-

0 2 4 68

________ raier n lcow pcositiocn (deres v ti-mde(s
---- traiL:Ler7 in hiLgh po~siLtion (demgrees ) Nra -ti:me (smec-

M105A2 Roll. Angrle; 40 P-PH; Z41OSA2 Pa~ylo-adc 1500 lbs, r:-ear haftX

20-

10-

-10-

0 2 468

------__ tr=aLiler in hLSIi posixtionc (d~egr4ees ) stie( e

12

D- 6



MlOSAý2 Yawv Amngle; 30 MPH; M4105A2 P~a~ylo~ad 1500 ib~s, rýearý haJ3-f

15-

10--,

5-

0-

-10- ___

0 2 4 6 8

______ tailr n. o~po~sitioLn (dgre s ýtiLme (Seec-
trilr n higqh positioJ-<n (ers)vs tiLmne (eec)e

13

M4105A2 Yatw Amgleb; 35 MPH; M105A2 Pa~yload = 1500 lb:s, reiar= hal3f
1.5-

10- __

5- _

0-

-5-

-10- ___ __

0 2 4 6 8

_________tralXer in. low.~ po~siltiLon (degree-s ) %rs ti:me(se
tr=a:ler= in. hig~h po=sitioLn. (dogrees ) V-sr ýtun~e (sa~c)

14

M105Aý2 Ya~w Angjle; 40 MPH; 14105A2 Pa~ylo~ad = 1500 Ilbsr r:t-ear h-alf.
20-

0o--

-10-

-20-- _ _

0 2 4 68

tr=aLiler in low pnositiýon. (degsreets) -vs -tijmke sc
ýtra:ler i n hiLgh po~sitiocn (detgreesta %rs tidme- (seec)

15

D-



kMl0S~m2 Roll3 Rta~t-e; 30 MPýH; M105APL2 ýPayload ISO 1500 ý ibs rea halfE

10-

51-

0 2 4 68

_____traLile i lwpoito (dleg/s~ec ) stm (e)
tr~a~iler in high positioLcn (dega/s~ec) -vs ti3me(e)

16

M105A2 Ro~ll Ratme; 35 MPH; M105A2 Payload = 1500 lb:s, rear- ha~lf
10-

-10-

0 2 4 6 8

_____tr=ailer3 in lc~w posi!tio~n (detg/siec) vsg t-ime (seec)
-traler3ft in high po~sitio-n (dbeg/s~e=) %vs ti:me- (eec4)

17

M105A2 ollcý. Ratte:; 40 MPH; M105A2 Pavyload~c 1500 lbsa reýsar ha~lf
50-- -_ _ _ _ __ _ _ _ _ _ _ _ _ _

0- -

-50- -______

-100--- __

0 2 46 8

_____ trailer in lown~ positiLol.cn (dle~tjg/sec) %gs -ti:me (Meec-)
---- trai:ler- in high po~siLtioLn(d/s) stm (ec

D- 8



APPENDIX E
TIME HISTORY PLOTS

1500 LBS. PAYLOAD; LEFT CENTER DISTRIBUTION

E - 1



*

E- 2



M35Aý2 Roll- Axxgle-; 30 MPýH; MlO05a.2 Patylonad = 1500 lbsr left cet-er
2 --

1-I-

-2---__-..- -

0 2 4 68

---- W/ tr~ai-ler inm loow posi!tiLcon (dges)vs timea (moSec
-.- / rale n hig~h pcosition (d-egrees a) Ns t-aLxne (sec:

M35Aý2 Rllc33 Angle9; 35 MPH; MlO5aL2 Pa~ylocadc 1500 lb~s, le-ft- =en-tert
2-

-2-

6 8

s,,'o taier(defgreeoss) vsq ti-x4e ( seca
w/talrIn 1c~ posiltiocn (degg~retes ) vs t..4xpe (sec (-)

- w/tai:ler3 iLn higch pcosiLtiocn (dlegrees ) as it.2.x (g sec

2

M35A2 Roll-3 Amigl-4; 40 MPH; M105aL2 ~a~yload - 1500 lbs., left cne
4-

2- -_ _ _ _ _ _ _ _ _ _ _ _ _

0- --

-2- ______

-4--

0 2 468

____-w/o Itzrailer (afdegree-st) -.s timero- ( se
w/ trail:e.mr In l-cow po=sitio:Lnr(ere)vstm sc
w/ tr3ai:ler iLn higch po-si.tiocn (adegr~eas) vso -t:xrie(cc

3



M-3SA,2 Ya~w Arxg23..e; 30 r-MH; M105aL2 Pa~yl-cmd 1500 lbs, 3 l-eft- 4-en~t~er

15s-

10-

5-

-10----__

-15- - __

0 2 4 68

w'/orale (d4egree~s ) ~r ue(se
----- -traile-.r in lcp' po~slticr1 (degrýees )r V'tixne (selc-

wi traile2r tin high pc~sitiLc~n (de-grees) Nrs -tixne- (sBc:)
4

M3 5252 Yawu Amgle4; 35 MP~H; M105aL2 lPa~yl-cad 1500 lbs. l.-Eft cne
15-

0

-10-

0 2 4

w/c> -tral:3er (de~greesfq ).re tIxrm~ (se~c:
-ý -- /tra~iler ir. lcqw pc~msit7iqr% (dges)VStimeD ( secý

w trai:ler.* irx high pc~sgti:L~r (de~gree-4s) %rs tirme (sqc=

5

M35A2 Ya~w Angle3-; 40 MPH; M1O5at2 PatyJlcad - 1500 lb.=-3 l-meft cne
20-

10--

0-

-10-

0 2 468

- w/o trailer(degreestf) %' tm (e

w/trailer in., high pc~s Xtion. (degrees0) vso -tiLme (amc)

E- 4



M35A2 Roll Rate; 30 MPH; M105a2 Payload = 1500 ibs, left center
10-

0- -

/
'I

-5.-.

-10- -r- r---

o 2 4 6 8

_____ w/O trailer (deg/ec) v's time (eec) time (sec)
wI trailer in low position (deg/sec) v's

-- w/ trailer u-i high position (deg/sec) v's time (5cc)
7

M35A2 Roll Rate; 35 MPH; M105a2 Payload = 1500 ibs, left center
10-

5-

0- -

-5-

-- I

'I
-10-

0 2 4 6 8

w/o trailer (deg/aec) V's time (see)
�/ trailer � low position (deg/sec) v's time (see)
w/ trailer in high position (deg/sec) v's time (eec)

8

M35A2 Roll Rate; 40 MPH; MlOSa2 Payload 1500 lbs. left venter
60-

40-

20-

A ,� A
i� I
1 \�x._ ' I



M105AL2 Rol>l Anglet-; 30 MPH; M105a.2 Patylocadc 1500 ibas,Letctr

4-

2--

0 2 4 68

-trvail~er inr lot., po~sitioýn (degreesm) ¶.ro timet (meec
1-rtralerf in. higSh positioJcn. (degr-eee ) Nre timenv C eec )

10

M105A2 Rocll A~ngle-; 35 MPH; M4105at2 Payloadc 1500 lb's,lftcnr

4-

2--

-2-

0 2 468

_______ railer9vAr in.c lom ositionpr (degrvees ) -%sg tixS-r (seec--)
--- tra:lert in. h-igLh pos-iti-on. (degtr=4ees) %rg timeB (geec=)

13.

Ml 0 5A2 Roll-3 Angl-e; 40 MPH; M1L05aL2 Patylo~ad IS150 lbsn lftcete

80-

60-

40-

20-

0-

-20---

-40-

0 8

______tai:leri.l~'psto (dgesaesM) ~stm e
... trza:le vIn. hiLgh positia-on (d-egreesa) Nvs tm ec

12

E-6



M 3.0SA-2 Yaw An-gl~e; 30 MPýH; M105at2 Payl~oad = 1500 lbks, l.eft cne

15

0--7

-5-

-10----

0 2 468

- -tzraLiler in loyw pcositiocn (dges sti:me (e
trailer in hiLgh positio:Lcn (dgesNrs tim-re (sec-)

13

M 10SA-2 Ya~w Anlgl~e; 35 MPH; M105ax2 Pa~yload -l 1500 lb~s, leftý cen~te.r

15-

10-7

5--

0-

-10-

-15-- 1------

0 2 468

_______taler34m iLn lqow pogsitionpr (degrj=4ees) %ws tjune g3 sec

14

M 105A~2 Ya~w Angcl~e; 40 MPH; M105aL2 Pa~ylo~adc 1500 lb1s, l-e~ft -centte~r
300-

200-

100----

0-- - ____

-10 0 - _

0 2 46

____tra:l-er Lin low po>sIticn (dgres s lti-me (sec)
--- tr=al:er: iLn hiLgh jposi:tion (dges)vs -tiznem (sec .)

15

E- 7



M105Ak2 RllcX Ramtet; 30 MPH; M4105at2 3Patyloadf 1500 lbs~, left csn-t~e

7-5-

5.0-

2.5- h_____

-2-5-- - ____ _

-5.0-

0 2468

______ tal:-er in lcow, po~s:itio(n (de4-g/sect4 ) s ýti (semc
--- trail~er in high po~si-tion (degq/sec) -vs tim~e (eec:)

16

M105A62 Roll1 Ra~te-; 35 MPH; M105at2 Patyload = 1500 l-b's l4ef-t cEvnt.er

10-

-20-

-15-

0 2 468

tr=ale--r ini lo<w jposim:tioLn (dg/e vstimpe(e)
---- týrailer= in high positionm (deg/sec-) vsr -time (oeec)

17

M105Ak2 Roll-X Rate-4; 40 MPH; MlOSaL2 Pa~ylocad - 1500 lbks, l.efEt c=enrter=
300-

200- -

100-

-100---__

0 6 8

talrin lo~w pcositionc~r (djeg/sec ) vsr Itime (sec=
trailer inhih polsition~r (dleg/wsec) vsrg times (ec)

E-8



APPENDIX F
TIME HISTORY PLOTS

3000 LBS. PAYLOAD; EVEN DISTRIBUTION

F-i1



F-2



M3 SA2 Rlkc)-l Angle-; 30 M4PH; M4105A.2 Paxylo~ad 3000 lbs. evn dis0t.

2-

0-

-7--

0 2 468

_______ ýtrailler (dlegrtees ) s ti:me- (se~fc-
-Wi trailXerx In low' posi:tioLn (deagr-ees) %vs tim,-(ec

-- w/ tr=a:l-e~r In higch posmat'Lo.n (degrj~eýes ) rs ta:me (Se

M3 5A.2 Rlkcl Angl-e; 35 MPýH; M105Ak2 Paxylo~ad 3000 lbs. tev.en dilst-.

2--

-2-

0 2 4 68

W'/o 'traMler93 (djegree4s) výs tjMe- (Seec4)
-wi tralrn low' positio:n (dtegrees )r -s time- (sec

-- Wi traiLeL4.r inr h~igch positioLcn (deg~rees ) vsM tamre- ( se-c:
2

M3SA-2 RollX Anglef; 40 M:PH; M1OSAk2 Paylo~ad 3000 l-ba, evenrx dlist.

0- 1 \-\ /\\%\-
- 2 - - - - j'Z ";7-

0 2468

_____w'/o rale (degrf=eeso) %rs t-I.rue (04sec
---- w/ -tra:l~er :n locw' p~osition (d~egreýes ) vs ti:me (e
-- W/ tra:lera iLn hig~h posiLtioc~n (dgres) ' ta:me (g3sec=

3

F -3



M351%2 Yetw A-ngJle;' 30 M:PH; M105A,2 3PbaLY:I-cad 3000 -ibs1, e'v iet-.

10-

0 2 4 68

W_____ /o tra~l-e~r (dle~grees -) %,s t-ime (04eeCý
't'/ trailer ink X40W po~sit-ion ( degiretes ) 'etilme (ee

- ,/traxil~er in high po~sitiocn (degreL-es ) 'v t~ime- (meec=
4

M35SA2 Yaw Axxgl-e; 35 MPH; M105A2 Pa~ylo~ad = 3000 ib:s, evn ie-t.
15-

10-

-5---

-10-

0 2 468

w'/o tr ai:le~r (de~pgreteag) vsp itimem ( wsec
w/ tr~aill~er in l1po po~siLtion. (dgee)vstm (jeec-)

-- w/ trýa~iler in high posmition (deree ) stimre (93sec=

5

M35A2 Yatw Angjle-; 40 MPH; 24105A2 Pa~ylopad 3000 ibeý, e'eon dieLt-.
20--

0-- -

-10-

0 2 468

W/o rale (adegrees 9) %vs 'timea ( sec4
w/ ýtrailec-r in lo6w poeitio7:Lcn (ere)'Stm e
w/ trailer4 in high po~sito dges 'stm s

F - 4



kM3SA,2 R-c)3l Ractee; 30 MPHF; M105A.2 Pa~ylo<ad = 3000 ibsm, ýe~rtri dlisoi.
10-

0 2 4 68

__-w/o trýailer. (deg/sec-4) -,.-a (ec
w/tr=al:Xer irn low jp<osition (dg/ec we time (see)c-

- ~/trilr n.hihposi-tiocn (adeg/osec ) -%s ýtaLmt- (mae:
7

M3 5A2 11~oI Rkaten; 35 MPH; M1OSA.2 Patyloadl 3000 lbs., ýevesn di:stý.
10-

5-0

det-g/gqec -) -%s tunrte (o sec
w/ taidler: inx Xlow pos:ýiti'n. (degg/qebc )-%rs timjet (Tebrc

wI trailer3 i :n hiLgh po~siti-Lon (dg/sec) %s tI-Sme- (see)C:

M35Ak2 Roll1 Ralte; 40 MPH; M105A,2 Pa~ylcoad = 3000 lbs, ewvem di:st..
60-

40--

20-- -_

-20-__

0 2 4 6 8

w/O> tr-.a:ler= (de9g/sec ) v.s ti.me ( sgc=)
W.-./ talrin lo~w pstoi(dieg/sec a) -.s ti:me- (Set.)
W/ ltr:ailer iLn hiLgh po~si.tion (de-g/stec) vs tim (s-ee)

F- 5



M105AM2 Ro~ll Angleo; 30 MPH; M105252 Peayload~c 3000 Ibso, even diet.
4--

-2-_____ _ _

0 2 4 68

___ trail~er u-i lo<w pcosýItin (detgr:eesi) sa -tiLme (seec)

tr-iler Lin highl- pcositiocn (degr-eesm) vre tlme- (sec,-

10

M1OSA2 Ro~ll Alngle-; -35 MPH; M105A.2 Pa~ylo~ad = 3000 ibea, emnen dliot.

4-

2--

-2-

0 2 468

______tr=alerX i: n Xoyw po~sýitio (degre--es ) vs tme (ee
---- t2railer= in high positio-Lc)n (deigroese) %Ps 'timet (049,)

11

M1OSA2 Rocll Amngle&; 40 MPH; MI05A2 Pa~ylo~ad = 3000 ibeZo, exveni dliet.
50-

25- -____

-25----

-50- -

0 2 468

-trai:le3r iLn lo~w psto dges stm e
t... -ralerXB: in hiLgh po~sitio (eres)v tm (s--)

12

F-6



M1 052k2 Y&L Axiglqe; 30 MIPH; M105A.2 Pa~ylo~ad = 3000 akbs, eer ilsPt.

15-

10-

5-

0-

-5-

-10-

-1.5-

0 2 4 6 8E

-____ tailr n. locw position.?r (dleagr4ees) xrg3 ýtixrL (s
trai-er in. higSh jposi.tionm (dlegre'es) Ns im (e

MI 052k2 Ya~w Angl3.e;- 35 MPH; M1OSA.2 Patyloadm 3000 Ibso, evreri dlisti.

15-

10---

-10

0 2 4

____tra:iler7 in. low' po~si-tion. (defgreeis ) NrS ýtiLme (Se~c-
.... tral:3er= in.- higch po~siLtion.~ (dlegre--es ) -%e ýtiLme (se!,)

14

M1OSAk2 Ya~w Anxgle; 40 MPH; M105A2 Pa~ylopadc 3000 ib~s. teven dilst-.

50---

-150---

-250--T

0 2 4 6 8

- -___traL:iler in. lo'w jpositiýn. (deg~rees ) 'TB tiLme (a sec
---- traL:iler in. high pos~ttlon. (dlegr~ees ) 'TB3 -t:Lre (seci=

15

F-7



M105-A.2 R~c>XL Ra~tem; 30 MPH; M1OSA.2 Pa~y1.cad = 3000 Jcb, leodst

50-.

0-7

0 2 468

t-ai--- in hiSgh posi-tiLcm (degsec v tixne(5)

M1O.A.2 Rc>IX Rate; 35 MPH; M105A2 Pmy:load 3000 lbs.o, 4neven distt.
10-

0-

-10---_____ _

-15-

0 2 4 68

tr2:a:l-er iLn Xp pc~sLi-tipi(dgs Vrs ti:me-(- e
trai.er in hig-h pc~ositiocn (dteg/stec) %.s ti:me (-ec=)

17

M1OSAT2 *RcllX Ra~te; 40 MPH; M105A32 Pmy3.<>ad 3000 ibs-, ev"en dis't.
200- -___

1200---_

0 2 468

ýtrailer- iLn lqw' pc~silt-l-n ( degc/sec ) v"Stue(e
---- tr.ai:lec din high pc~gsiti:car1 (dg/sec)j vs9 -tiLme (e

18



APPENDIX G
TIME HISTORY PLOTS

3000 LBS. PAYLOAD; FRONT HALF DISTRIBUTION

G - 1



G-2



M3 5A.2 ollcX Amgleý; 30 MPH; M105A,2 Pa~yloadLc 3000 lbs.o fronnt halfE

2-

0- K-4

0 2 4 8

____t_____ trailer (dgrees ) es xixs ( se------ / ýtral:jer inr low o a i n (eres)v in e
W/ tr=aile i43.n hig~h posi:Ltioýn (degreeas) v'rs -t~irns t

M35AL2 ]Roll Angloe; 35 MPIH; M105A,2 Pa~yload = 3000 lbsa f~ýront ha~lf
2-

1-

-2I

0 2 4 68

w'/o, tralXer ( ere i stiLme- (a sec
---- w traler~q iLn Xloy posw:tioLn (de-greaes )r vst-dme a sec)
- w/ traler3c- in higch pcosiLtio(n (diegr=ees) %s time ( s e)

2

M43 5A2 Rtoll Amglse; 40 MPH; M4105A.2 Pa~y3load = 3000 lbs., frocnt- halxf
4-

2- - --

0-

-4>

0 2 4 6 8

.W/o> tr~ailer (de~grees ) stm 5c
---- / trilr n lcv' posad.t,..on (diegrees s tie( sec)
- .,/ trie n hiLgh posi:tio (de~gres).stm e

3

G- 3



M3 5-A2 Yatw Anigle4; 30 MPH; M1OSA.2 Patylo~ad = 3000 lbks, frcmnt ha~lf
15-

10 ----

5-

0-5

0 2 4 6 8

w/o rie dere s ie(e
w/ -traler.ý9 iLn low posiio (degees %s im (Mcc)

-- W/ tr=a~iler i-n hiLgh pcositioLn (ers)T5tý-arie (aec:)
4

M3 5A2 Yakw An~gle-; 35 MPIH; 14105AF2 ~a~ylo~ad 3000 lbsa, fEcront- ha~lf
15-

10-

5-

02 64

w/o rale (deagrees ) .%s tuneo- (asec:
w/ tr=alera4s inr lo-w positio-x~n (dlegres irstae(e
w v tr=aL:iler inr higch posiJ.tion (ers)stie(set,)

5

M3 5A'2 Ya~w Anglem; 40 MPH; MI05A.2 Pa~yload = 3000 lb~s. fa~:ront halJf
20- __

10--

-10-

-20-- r--
0 2 468

______W/o rie (ere )-st (se
w/ tr~a:l~er iLn lo-., po~szitio-n (de-grtee!s ) vs ti,:meý (Cc)

-- vi trailer n hiLgh positio (dlegres tme(Ec

G- 4



M3 SPA2 Roll. Rat-te; 30 M'PH; M105A2 PaLYlo-ad 3000 ibso, fronit hzL~f
10-

51-1

0 2 4 6 a

w/otraler(de/se) v ti:me (s~ec-)
/trilrin low posiltiocn (dleg/s.ec) -tra time- (oeec)

w/ vitralerX-2 inr higch pcosiLtio~n (dleg/skec) -%s ti:m~e (sec)

M3 SA2 RollX Ra~teý; 35 MPH; 241105A.2 Pa~ylo~ad 3000 ibfotha~lf

50-

0 A ,

0 2 4 6

w/ trilr n loqw po~sitio-n (dg/ nc 'r ti:me (1U4c-)
w/ trilrn hiLgh posi-tionm (dag/sec() IVS ti:me- (3ee)

M35A.2 Ro~ll Ratfte; 40 MPH; 24105A.2 Patyload = 3000 Xlbe, fronmt halfE
60-

40-

20-

0 - -- n A,~

-20-. ..

0 2 4 68

_____W/CO traile!~qr (%r de/e sti:me- (mtec-)
W/ ttraler349 inr l-4ow pcositioL<n (degg/sec ) %rs ti:me- (s~ec=

-- W/ trieri hiLgh pcositionc (de~g/sec~) V's ti-:me ec



M105AL2 Ro=,l Angle; 30 MIH; M105A2 Pe~ylcoad = 3000 -b-s, fro~nt h-tlIf

-2-

0 2 64

--- traLler= in hi-gh p~osition(dgres .stie (eec),

10

M105A2 Roll1 AngleB; 35 MPH; M105A2 Pa~yloadc 3000 2.bs, f.ro~nt- ha~lf
4-

2-

0--

-2-

0 2 4 6 8

t3raleý&r i~n lcyw positioý(n (deogrees ag) vrs 't.imre(se
--- t*raiLer34 i~n hi:gh po~sitioJ-n (dlegreea!s ) vs ti:me (e

11

MI05A2 RollX Anglet; 40 MPH; M410SA2 Pa~yload - 3000 llbs, fro~nlt haft~
s0-

60-

40.- _

20--

0--

-20-

0 2 468

_______tai:lezr inr lo.' oiio dgre v ie e
--- tr~aizler iLn high VpsitioLcn (dleig.re-es) %.sg -timre( )

12

G6



M105PL2 YaLw AnglIe; 30 MPH; M105-112 Patyload.m 3000 lbs.; frocnt- haklf

15-

10-

5-

-15

02 468

trcailer inhghpsiin (degee 4=stne(e

13

M105A.2 Ya~w Angjle; 35 MPH; MIO5A.2 FPaLyload = 3000 lbks, f~ronvt haL3f

1514

10-

0 -

-10-

-30-

0 2 4 6 a

_________ trailr inx low posiltio~n (degrq~ees ) vsa tiýme ( s~e
---- traile*Býr i-n higLch pons:itiocn (degrj3Bees ) kvs ti-:ine (se94)

15

30G-7



m105A2 RollýX Rater-m; 30 MP>H; m105A~2 Pýaylo~ad = 3000 Xibs, fro~n-t half-

10-

0-A

-50-

0 2 4 6 8

-traim:ler- in lonw psto (de~g/se-) "ura ti:me (ec
trail'-=!Xer in high pitcn dg/c)vsti-zme (s~ea)

16

M,105Aý2 Roll Rate 35 MPH; MI05A2 Pa~yloadc 3000 lbs, f2cront- hatlf
10-

5--

0 2 4 6 a

________ traile -in 3-<> pcositi:Lnr (dleg/miec) rs lti-me 0s9c--)

tr-iler in h-i:gh Noiirn(a/sc ' ti-:m- M3ec)

1.7

M105A-2 Rc>XX Rate-; 40 M4PH; M105A2 3Pa~yload = 3000 Xlbs, fro~nt halftl

150-

50-

0-

-50-

-100-__

-150-

0 2 4

_____ trailer inr lcpw poiin(dsqcjg/se) x's itime (0seCý)
trailer i9-7x:X=n hiLgh posa3-tioLn dg/e)vsti:me- (sec=)



APPENDIX H
TIME HISTORY PLOTS

3000 LBS. PAYLOAD; REAR HALF DISTRIBUTION

H-i1



11-2



M35A2 Rkoll- Angl~e; 30 N:PH; M105A2 PaMylo~ad 3000 3-bo, rzear hatlf

2-

-2-

0 2 4 68

_____W/o rale (dlegr~ees ) vs im (s
W/ -tralero, in cyw poswLtiocn (degres)fe~ --s -tixarkie (eec)

-- / -tra:ler-- in hiLgh pcop.itiocn (deýgrýees) -vs ti:me (e
. 1 1

M43 5A2 Rllc3. Anglem; 35 MPH; M105A2 Pa~yload =l 3000 -bbs, re-arI ha~lf
2-

0-

-I-

-2-

0 246 8

______W'/o> ttrailxer (adegrees ) -s ti:me! ( sec
w/tr~alert-3 iLn Xbw poiin(egreses )r vstim~e (sfec-)

-- / tailr n hig posi:tionm (dkegrees) xs timoe(ec

2

M35A.2 Roll.3 Anxgle; 40 MPH; M1lOSAk2 Pa~ylocad = 3000 3bbs, remar halfE
10-

10--I \

-5---ames -%r I -d v _- _____- _

-10-k-= i- h- -t:m-/- ---

3

H-3



M3 5X2 Yatw Axxgle-; 30 MPH; M105A.2 P~a~ylcmd = 3000 lbks, -a hZl3f

15-

10-

5-

0-

-15-

0 2 46

______ ,/c traietler49 (dbegjree ) vs im ( sec:
W/ -tral:er u-i- Xl~w pcm!itie<n (dgros -stiLme ec

- /trie n hig~h po~siti:Ln (d~egre~es) xvs ta:m-e (sac--
.. 4

M3 5A2 Ya~w ikngloe; 35 MPH; M1OSA2 Patylc-adc 3000 lbsD, rfeatr ha~lf
15-

10-

5-

-55

20-

0 2 _ _ _

w/> aetS 4--e ) o-a
wý ik Icw p~m:Lt:L~n (~asooo)"'r -tine/

-20-

-40-

-60-

0 2 468

__________ = trailetr ( deagrnees) 'vs timew (934ec-
wA traile.or iLn lorw posaz~tiori (degr-ees )Nvs tidntie9 eeo)
wltra:l-er i~n hig~h po<siltion (degrSetes) vs t-i-me(e)

6

H-4



M3 SA.2 RolX Ramt~e; 30 MPH; M105A.2 Pa~yload = 3000 lbs.o reý-ar half
10-

5-

-10 -

6 8

w/tale nlow po~sition (d4eg/msec) qs timeo (g34ec)
-- W/ trca:ler49 in high pcosit~ion (dleg/osec) -vs t-rnem (saca)

. . 7

M3SA,2 Rocll Rka~te4; 35 MPH; 24105A2 Patylo~ad 3000 lb1s, rear. half

50-

0--

02 4 6 8

W/ trz.lr~ o oiin(e/e)v ie(seec)
- triert in highpItao.Segsc) k ae ie

M3 5A2 Rol=,l Ratiem; 40 MPH; M140A2 Patyload = 3000 3lbs, ret-ar= half
1.00-

0/ y

-50- I

0 2 468

_____w/o -tr-ailer (dleg/msmec ) %s timm (gsec
---- w/ tr.a:ler3: -in lown, po~si-tion (defg/sgetc) vsr t-irme (sea:)
-- w/ t~r-a:l.er in higjh po:si.,tion (dei-g/sec 4) vs ame(se

H - 9



M1OSAk2 Roll. Angl~e; 30 MP'H; M105Am2 PayLoCad = 3000 lb~sr reaLr halfE

2-

0- __ -------

-2-

-4-

0 2 4 68

_____t~raLileBr inr low po~sition:(? (degreetqs) --s ti:me?(ec
---- traL.iler in high pcosi'tion (dgres rv-s time (aeec")

10

M410 5A2 Rcoll Axngl-e; 35 MPH; 141052k2 Pa~ylo~ad 3000 lb:s. r4ear half:

4-

2-

0-

-2-

4--

0 2 4 68

______trailletr iLn low p~osiLtionm (dletgr-es) vsa itimev o sec
---- traile--r iLn hig~h posiLtionc (dlegree~s) %ra tiLme- (meca)

M1OSA.2 Roll. Akngle4; 40 MPH; M1OSA42 Paty-loadc 3000 lbDs. reaor hatlf
40-

20-

-20-

-40 -

-60-

0 8

________ trailr in lw positi-on (degretes ) %vs tixre (Se
tra:le49r iLn hiLgh posiLti:on (dle~g*rsees) xs ti.,me= (soec=

12

H 6



MI05A2 (a~w Arigl4m; 30 MPH; M41OSA:2 PaMyl.oad 3000 ib.1s ixaax~ haL3f

15-

10-

5-

0--

-5-

-10- ________ ______ _

-15-

0 2 4 6 8

_____ taU3i: irn 3ioyw Ioii-AMMrna S ~n (MnOW)
---- 0xal:ar ic:n higch p=!iL:%Li (dagrw~ww % ra t-jiie (web= )

13

2410SAI2 Yav Angia3.,; 35 MPH; M105J%2 Payload - 3000 11ba, =4aar halfE
20-

10--

0-

-10-

-20-

0 2 4 68

______ taiUX iL~ lc, %NositionL (dgr~wam) %r iti;rn~ (mao=)
---- tra~ler iLn higjh positio3n (daisg~room) %r tiz~me m

14

M105A.2 -*Za'w A'nqla~o~ 40 24P1i 14105J.2 3Pakyload - 3000 3b.1#o =war half.:
100-

0- -_____

-100-__

-200- --

-300- __

-400-

0 2 4 68

1--r'f. :v n I~ (e4==:,) ),%P t*ime (meap)
P-aha i. hi~ghp~cs,,l tion (dc, es E timet ( ecý)

15

H.-7



41OSA.2 Rlk~XLl avreS; 30 MPH,' M105JA2 Pakylcpm - 3000 lb.w, 2rmxaa h-a~lf
10-

5-

-5-

-10-

0 2 4 68

tr,,.fin ~ vhl.Tcon (,dog/ee) )-r -tiae (mow-)

14105AI2 Ro=ll Rate; 35 MPH; M1405A2 3Payload -c 3000 lb., r4ear ha~lf
20-

10-A

2 4 6 8

17

kM105A%2 RoJl3l Rawte; 40 MPH; M105^2 Pa~yJload 3000 Ilb., wroar ha~lf
100-

0- - v -\

-100-

-200-

-300-
0 2 4 68

_____ trailer In lacw poel (g/040=) %re tijme (aft=)
--- il-- i-dA2M n hig~h pcoex-tion (dog/eec) Ae t-ISVe (SAM=)

18

H'-8



APPENDIX I
TIME HISTORY PLOTS

3000 LBS. PAYLOAD; LEFT CENTER DISTRIBUTION

I- 1



1-2



M43SY2 Roll-3 Anglet-; 30 MAPH; 14105A2 Pa~ylo.ad 3000 lbso, leftf- c~e-mriter

2-

-2-

0 2 4 68

______ /oý -traler34 (defgrees ft) ua ýtiLme (afsee
---- /w tr=ailear iLrx lo~w posa:tion (detgrfees ) 1vs time(Be

w/ -trailef.r inr h-igch po~si.tiocn (degrees9) %ro ti:me (e

M35A,2 ollc13 AngjleB; 3S MPH; M105A2 Pa~ylo~adc 3000 lbos, leftt ceEnrt-fr
2-

0-

-1-

-2-

0 2 4 68

w~/o -trailer (dlegnees ) %rs t:xrme ( asee-
---- trale in Xloy po~satiox- (detgreesf -.- -stiLmt (sec=

W/ -tr-aler3ft inr higch paosi-tiocnn (degreesft4--) Nvs ti:met (mft0)
2

M35A2 Rllc13 Angjle; 40 MPIH; M4105AL2 Patylocad = 3000 lb~s, leftt =ervnft=
10- -________ _________

0~ V t -'

-10-

0 2 468

~/otalr(degcjrfees ) -rs -tiLme (ofsee
---- w traak:letr aLn lo pcosa~tiopn (degretes -,,s ti-:me- (sec )

1/ traler-4- iLn h-ig-h po<siLtionm (deA-g~rees) -vs timer (sec-)
3

13



M3 5A2 Wa~w Arxgleý; 30 1'4PH; M105A2 P~ay-loadc 3000 ibs,-3 left entýe.r

15-

0-

-5--

-10-

-15-

0 2 4 68

+.'/=taler34a (dlegr4ee-s ) vis tre( gse
WI traiL:er iLn 2low posaltionm (d~egr-ees )r vsti-me (3se,=
w/taie n higch pcsiltiocn (doegretes) vs ti:meý (sCc-)

4

43 5AL2 Ya~w Angla; 35 MPH; M105A2 P~aylo~ad = 3000 ibs, l~efttcne
15-

10-

5-

0-

-5-

-10-

0 2 46 8

w/o> -tral:-er- (cldegreeso) Nvs timLet (oSec:
w/c trie n l.ow' poiin(eges)v tm 5c

-- /t-rail~er inm hi:gh posi-tio(n (de5grees ) -.s time ( sec

5

2435AJ2 Ya~w Angles; 40 MP~H; M4105AL2 Pa~ylo~ad 3000 l-bs, l~eftý c=ent'e~r
20- __

-10-N

-20/
0 2 4

w/c>(a~g~ostm) It:Lnt- ( a B,/

__ _ __ _ W O t r a il e r i n d e g r e e ) v s , t i- m e (& e o t s s e cý: m -- (~ e

6

-4



M4352k2 RollI ]Rate4; 30 M:PH; 14105A12 Pa~ylo~ad 3000 2ibs.,letcxtr

10-

0-

-10-

_____ w/o rai:le-m (de/sc l ie (eec)
W/ tral-e~r inm high posm:t-Jori (deg/s~ec) stm (e)

7

M435A.2 Rol avte; 35 MPH-; M4105AP2 JPa~yload = 3000 is etcne
10-

5-0

02 468

___w/o> ýtraler(dg/ec v9tm (5ec:,)
---- w/ tr=ailer= irk low-, _osti (deg/se)vstm sc
-- w/ trxaLýiler in hi-gh po~sitio~n (de-g/sec=) Vstm e

a

M3 5A2 Rol>.l Rate4; 40 MPH; M105A2 Pa~yl-oad = 3000 lbeo, l4eft Cne
100-

50-

-50- 1 ~ i

-100-

0 2 4 68

______w/o> tr=aler (dleg/sec ) V's zi.xn" se
-- w/ traitler inh: oiio dgsc vstm ec



MI05A-2 Rol:ýl A-ngle-; 30 MMPH; M105-A2 Paylo:ad = 3000 lbhs, letcant-tr-

4--

2- /'

0 2 468

traelXerc iLn low po~sition (dgee s ti:me- (msec--
traier n highi poiio deres s !time (eec

10

M1OSAI2 Rol)l Angle!; 35 MPH; M105A.2 Pa~ylo~ad 3000 ibs, lef-t ce-nter~f
20-

15-

10-

5-

-5-

0 2 468

---- trai:ler iLn hiLgh pcsadt-aocn (dgre rav tiLme (meec-)

11

M105A.2 Ro~cll Anglejc-; 40 MPH; M105AP2 Petylo-ad = 3000 lbs. leto cente
100- ___

0- __

_______trilr n low p:ositioLn (dgres) s 'time (04sec
---- tr:a~ile if=n hiLgh jpositi-xcn (deigrees-) %vs tr:mne (meec)

12

-6



M105P.2 Yatw Anglr-e; 30 MPýH; M41O5A.2 Peay'lcad = 3000 lslf ene

15-

10-

0--7

-50

-15-

0 2 468

_____traiLLoer in lonw' poiin dgee s ýtixne (seca
t--- r.:aler-t- iLn hiLgh p~ositi--,on (deree ) stixart, ( sec)

13

M 1052k2 Ya~w Angl-e; 35 MPH; M105A.2 Pa~ylo~adc 3000 1l1>, l~eft- ce4-nter-

20-

10-

0-. - . .

-10-

-20 -

0 2 4 6 8

______tr=aile3r inm lo~w' oiin(dges)v in ( 5ec
---- tr3ailers inm hig~h p osi-tion (dgre v tilme 1318Sec

14

M105112 Yatw Aknglet; 40 MP'H; M105SA2 Payload~c 3000 lbs, leaft ene
400-

200-

0- *-

-200--

-400- .r -~ .T ....

0 2 4 68

_____t-ra:l~er- inr lo~w'pii (diemgiqrees) vsa lti:me (g3sec-
---- tr3ail~er in hig~h po~s.ta-on (degreýaes ) .sre m (msec

1.5

-7



M1OSAL2 Roll- Rate4-; 30 MPH; MIOSAý2 PaLYload 3000 lbs. etcne
10-

-10- 1 -

0 2 4 6

trLaile~r In lc~' posiLtinc (de~g/qsec ) xrs time- (s ec
---- trailer= in hiLgh posi~tioLn. %dgse)retm (seec)

16

MIO05A2 Rol)l Ptateo; 35 MPWH; MIOSA-2 Pa~yl-o-ad 3000 1b8>,letctr

40-

20-

0- f -, -

-20-

-40- ______ _

-60-

-0-

_________-s traile in.cfw pstin ( deg-c/s3ec ) -vsim ( sec
---- tr3aler-4- in. hiLgh osti (dq/soec=) ,.s ti:moe (a4ec)

17

MI05A2 Rocll Ratef; 40 MPH; M105A.2 Paylo-ad 3000 Xlbs, letce~nter=
200-- - ---- -

-200- -

-300-248

_____ tralerv in 3low p3ogsiti-on. (dgs stiLme (Seec)
trailer in. high pcnmitionc (degsec vstimem (aft-)
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